Polarisation des umgebenden Lösungsmittels bewirkt wird 13 . Das bedeutet, daß im mikroskopischen Bereich eine höhere "effektive Dielektrizitätskonstante" angenommen werden muß, als durch e in Gl. (7) 
The basic equations for the unipolar, stationary, one-dimensional flow of charge carriers in a dense gas, characterized by mobility and diffusion coefficient, can be integrated numerically. The discharge gap generally has a finite length; as far as in the end cross-section either density of particles and intensity of electric field tend towards infinity, or the density of particles becomes zero. Which of these two cases occurs depends on the current density of the discharge and on the intensity of the electric field in the initial cross-section. The notions mobility and diffusion coefficient will lose their applicability close to a pole like singularity as well as in a "dilution to zero", so that from a certain cross-section onwards the continuation of discharge is determined by modified equations.
It is shown that in case the diffusion component of the current density is neglected, the integrals of the basic equations change fundamentally. Neglecting the diffusion is inadmissible. This is finally a consequence of the relationship between mobility and diffusion coefficient, as expressed by the Einstein-relation.
I. Description of the Problem
The transport of charge carriers in a dense plasma has been investigated already in the first quarter of this century in connexion with the treatment of processes in ionisation chambers To simplify the mathematical analysis, it was quite frequently proposed and tried to disregard the diffusion currents of charge carriers against the field current (ohmic part) 2 . Formulas deduced by perimentalphysik XIII, Akademische Verlagsgesellschaft m.b.H., Leipzig, 1. Teil, 3-105 [1929] . 2 Concerning the neglection of diffusion against field currents, such simplification may be encountered as recently as in latest literature 3 .
The special problem of "unipolar, stationary, one-dimensional flow of charge carriers in a dense gas" can mathematically be solved rigorously. The significance of neglecting the diffusion currents against the field currents will be shown by means of this special case.
II. The Solutions with Considering the Diffusion
A plane electrode situated at x = 0 emits charge carriers of one species to x>0 into a uniform dense gas at temperature T, e. g. positive or negative ions of the charge e, thus the latter may also be electrons. Provided there exists for i>0 an electric field in direction x>0, which depends only on x, there will result a unipolar plane flow of charge carriers whose temperature will also be T. In the stationary case, the current density j is independent of x and in particular j -e n ju E -e D(dn/dx) = const.
( 1) The mobility ju and the diffusion coefficient D will also be constants independent of x. The particle density n of the charge carriers is connected with the electric field E by the Poisson-equation.
s0{dE/dx) =en.
(2) e0 is the known constant of the system of units. For given initial values x = 0; n -n0; E = E0;
n, E can be determined from (1), (2) as functions of x, n0, E0, e, fi, D and of the parameter j.
If the Einstein-relation e D = jukT
is valid, where k means the Boltzmann constant, it is suitable to introduce the following new units: Equations (1), (2), (3) then reduce to
dE/dx = n,
x = 0; n = 1;
E = E0 (8)
in the now dimensionless variables x, n, E, the parameter j, and the initial value E0 . n from (7) substituted into (6) and the latter integrated yields for E a Riccati differential equation; in particular because of (8) 
The constants of integration Ct, C2 may be determined, except for an insignificant factor due to 3 E. RUTHERFORD, Phil. Mag. (6) Three basically different solutions, depending on the initial field intensity E0, belong to each value of current density j 0, which are illustrated by means of examples in Fig. 1 , in particular for j = 1.0.
If E0 = + 0.600, n, E tend to + oo with an asymptote at a finite a; = 2.64. In case 7 = 1.0, this behaviour is valid for the range E0 > 0.420.
If E0 = -0.600, n decreases to zero at a finite x = 0.84, whereas E attains a maximum. In case 7 = 1.0, this behaviour is valid for the range E0< 0.420.
For a unipolar, one-dimensional flow according to Eqs. (6), (7), (8), there thus exists, in general, an upper limit x, at which either n, E tend towards infinite values (range £0> 0.420 for j = 1.0) or n goes towards zero (range EQ <0.420 for / = 1.0).
Only if E0 = 0.420 for 7 = 1.0, the flow extends up to x = oo. This singular case separates the two ranges £0 >0.420 and E0< 0.420 respectively, for 7 = 1.0 from each other. The characteristics of the particle density and field intensity increase can be quite easily elucidated in the special case of thermodynamic equilibrium, i.e. for 7 = 0. By integration of (6) one obtains the Boltzmann-distribution
which can be realized if, between two parallel planes at distance x, which reflect the impacting charge carriers elastically (mirror planes), the voltage U = fE(x) dx o is applied.
Solutions corresponding to Fig. 1 are physically meaningful only as long as the conditions for applying the phenomenological concepts mobility jx and diffusion coefficient D in Eq. (1) are fulfilled.
Necessary conditions for this are: the absolute values of field current density and diffusion current density in (1) should remain smaller than the random current density ] = \en c,, caused by thermal agitation, which in thermodynamic equilibrium, i. e. in the currentless state of a dense gas, passes every surface element in both directions. Thus, there must be 
<1.
Jene c is the arithmetic mean value of the thermal velocity of charge carriers at temperature T of the dense gas.
Because of (4) and D=%Ac (16) where X is the mean free path between consecutive impacts of the charge carriers with the molecules of the dense neutral gas, the above inequalities be- 
In terms of the units (5), i.e. in dimensionless vriables, one can write instead of (17) < 1 (19) f EX x and X in (18) and (19) are measured in Debyelengths.
For thermodynamic equilibrium, i. e. for j = 0, (18) and (19) become identical because of (6). (17) and (19) require the work e E I, done on a charge carrier over a distance X in direction of E, to be smaller than I kT, a measure of the mean thermal energy. This condition is not sufficient. In order that the mobility ju may be a constant, independent of the field E |£/|<1 (20) has to be required, i. e. the work e E X done by E on the charge cariers over the distance X must be little compared to the thermal energy ~kT.
If the solutions of (6), (7), (8) represented in Fig. 1 are confronted with the inequalities (18), (20) and with the previous reflections, the following ought to be retained: a) as regards the electrode situated at x = 0 as well as an opposite one arranged at an arbitrary x, it has to be assumed that it emits a random current density Je which differs by -j and + j respectively from the random current density /a arriving from the gas:
Electrode at x = 0 : Je = /a 4-/, Opposite electrode at x : /e = /a -j .
b) If, starting from x = 0, one approaches the singularity, where n, E tend towards infinity, (20) is no longer fulfilled from a certain x-value on. c) If, starting from x = 0, one approaches an xvalue at which the particle density n disappears, the condition (18) is no longer met before reaching this z-value.
In case b), c), the integration should be continued from a certain cross-section on, by means of a modified basic equation substituting Eq. (1).
The rigorous solution of the set of Eqs. (1), (2) for a unipolar flow of ions in extremely pure dielectric liquids or gases is given in terms of Besselfunctions in 5 . The discussion is more difficult than in 4 and the present report, where the calculating machine made a complete survey of the solutions possible. Moreover, 5 retains the assumption that the set of Eqs. (1), (2) is valid up to the electrode surfaces, for which boundary conditions compatible with Eq. (1) may be formulated.
III. The Solutions without Considering the Diffusion
Neglecting the diffusion, and for the time being still without the special normalization n = 1 at x = 0, (6), (7), (8) are replaced by
dE/dx = n, An expression derived from (26) for the voltage IJ can be found in the literature reference 3 . In all these cases it is assumed, contrary to the special normalization n0 = 1 used here in the preceding paragraph II, that E0 = 0 and consequently n0 = oo. (24), (25), (26) can thus be written as follows:
From (29) follows j=%U 2 /x 3 .
This is the formula analogous to the Child-Langmuir-space-charge formula for charge carriers falling free in vacuum, which is derived and applied in the literature reference 3 mentioned above.
With the special normalization n0= 1, used in the preceding paragraph II, and E0 = j, (24), (25), (26) can be written as follows:
In Fig. 2 a and 2 b E and n resp. given by (31) and (32) resp. (without considering the diffusion) are confronted with the corresponding exact solutions E, n given by (6), (7), (8) of 4 (with considering the diffusion).
This exemplifies the fundamental difference between the solutions with and without consideration of the diffusion.
With diffusion, there exists an upper limit of linear dimension x of the resulting flow regime for all possible current densities j ^ 0, whereby E and n approach infinite values.
Without diffusion, such a limit does not exist. In principle, the flow can extend up to x = oo where E tends towards infinity, but n towards zero.
Neglecting the diffusion part dn/dx of the current density in (6) is inadmissible. This is finally a consequence of the relationship between mobility and diffusion coefficient as is expressed in the Einsteinrelation (4).
This situation may also be examined in a different manner. The justification to neglect the diffusion part dn/dx in (6) evidently exists only if I dn/dx \ ^ n E ~ j .
From this and from the Poisson-equation (17) 
where n, E are dimensionless variables. The examples of solutions represented in Fig. 1 do not fulfill the inequality (34). 
